Objectives-To examine changes in musculoskeletal complaints over four years in groups of employees relative to age and work demands. Methods-Repeated questionnaire data of male employees in heavy physical work (exposed group, n=7324) and mental work (control group, n=4686), stratified for age (20-9, 30-9, 40-9, 50-9), were analysed. For each employee, data on the occurrence of musculoskeletal complaints from two surveys with a mean interval of around four years were available. Changes in prevalences over the follow up interval were analysed. Proportions of new, recovered, and chronic cases as well as those free of complaints at both surveys were studied. Results-For most complaints, there were significantly greater increases in prevalences in the exposed group compared with the control group over the follow up interval particularly within the group aged 40-9 for back, neck, and several sites of the upper and lower limbs. The 20-9 year age group also had significantly greater changes for several musculoskeletal complaints. Within the oldest age group (50-9) exposure to heavy physical work demands only affected changes in prevalences of neck and upper arm complaints. After four years in the cohort free of complaints at the start of the follow up the group aged 40-9 had the highest prevalence of complaints of the back, neck, and the upper and lower limbs. occupations." Most of these surveys were limited to cross sectional data, offering weak evidence for causality due to uncertainty over the time of exposure and bias by a health related selection of employees.
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Longitudinal studies are considered to be more appropriate for studying the combined effects of aging and exposure to physical work demands on the development of musculoskeletal complaints, even though these studies also have their specific problems.5 Published data on these kinds of studies are scarce. In a four year follow up study of Tuomi et al,6 an increase from 36% to 50% in prevalence of musculoskeletal diseases was reported among male employees in physically demanding jobs compared with a change from 25% to 38% among those in mentally demanding jobs.
These findings, however, were based on only one particular age group, employees aged 45 or older.
It might be suggested that several age related factors are responsible for an increased risk of developing musculoskeletal complaints with advancing age for employees in physically demanding occupations: (a) biological changes with age-for example, degenerative changes of the intervertebral discs7; (b) the age related increase in number of years of exposure to harmful work demands;2 8 and (c) a gradual change in the balance between physical workload and physical work capacity as a result of a declining physical work capacity with age not compensated for by adaptations in tasks and working conditions.9 10 With this in mind, differences in the development of musculoskeletal complaints between age groups may be expected over a follow up interval of several years.
The aim of this study was to examine changes in musculoskeletal complaints over about four years among groups of employees relative to age and work demands.
Materials and methods

QUESTIONNAIRE
Regional occupational health services in The Netherlands take care of the health and wellbeing of the employees of affiliated companies. Roughly (14) 211 (5) 312 (7) 90 (2) 962 (21) 117 (2) 162 (3) 50 (1) 67 (1) 489 (10) 229 (5) 4686 (100) 339 (5) 374 (5) 236 (3) 94 (1) 71 (1) 317 (4) 115 (2) 276 (4) 585 (8) 909 (12) 327 (4) 298 (4) 72 (1) Employees aged 20-59 at the first survey were selected and four equal age strata were constructed according to age at that time (20-9, 30-9, 40-9, 50-9). Stratification was made for work demands based on the employee's job title according to the classification described by De Zwart et al. ' 2 Four categories of work demands are distinguished in this classification; mentally demanding work; mixed mentally and physically demanding work; light physically demanding work; and heavy physically demanding work. For our study, only subjects within the two most contrasting categories were selected-that is, employees in the categories of mentally demanding work and heavy physically demanding work. In this paper these categories will be referred to as mental and heavy physical. Data from subjects in the two other categories were excluded from the analyses because of the few employees, especially in the oldest age group.
The category mental work-the control population-is characterised by sedentary occupations. Jobs in the category heavy physical work are characterised by tasks such as lifting heavy objects, handling heavy tools, and often stooping in combination with standing or walking. Employees who changed their work tasks between the first and second survey, as a consequence of a change in job, were excluded from analyses. Tables 1 and 2 present several characteristics of the study population.
DATA ANALYSIS
Within each stratified group, prevalences of the various musculoskeletal complaints were computed on the basis of questionnaire data for each survey separately. Also, changes in prevalences of complaints between the two surveys were calculated at group level. Within each age group these changes in prevalences in the group in heavy physical work (exposed) versus those in mental work (control) were tested. As effect measure Y-the change in prevalence between the two surveys-in the exposed group minus the change in the control group was used. The applied test statistic is presented in the appendix. Differences were considered significant when the P value was <0.05.
Results
The figure and table 3 show the changes in prevalences of shoulder complaints over four years. Within all age groups the prevalences of shoulder and other reported musculoskeletal complaints at both surveys were substantially greater in the category of heavy physical work when compared with the control category of mental work (table 3) . When comparing prevalences at the first survey between the four age groups, a common finding was that they increased from the youngest age group to the group aged 40-9. For most complaints this increase was followed by a flattening or even decreasing pattern between the two oldest age groups (40-9 and 50-9). This was particularly obvious in the heavy physically exposed group. When focusing on changes in prevalences of shoulder complaints over four years (prevalence at the second minus prevalence at the first survey), significantly greater increases between the first and second surveys werefound for the physically exposed category than for the control population in the age groups 20-9, 30-9, and 40-9 (P<0.05, P<0.001, and P<0.01 respectively, figure) . No significant differences were reported for the oldest age group (50-9). For most complaints, greater increases were reported among employees in heavy physically demanding work compared with those in mentally demanding work (table 3) . Many significant differences were found in the age group 40-9 years, and several in the groups aged 20-9 and 30-9. In the oldest age group, significant differences were only present for complaints of limbs, significantly greater frequencies of chronic cases were present among employees in heavy physical jobs than in those who did mental work within all age groups. The proportion of cases who recovered in the youngest age group was high when related to the number of cases with complaints at the first survey (sum of the number of chronic cases plus recovered cases). For all age groups in both types of work the number of recovered cases never exceeded the number of new cases, resulting in a net increase in prevalences over the four years of follow up (table 3) . For all four complaints reported in table 4 the largest difference between the new and recovered cases was found for the age group 40-9 in heavy physically demanding work. Table 4 also shows prevalences at the second survey of complaints of the back, neck, and the upper and lower limbs among a selected cohort of employees free from complaints at the first survey. As all cases at the second survey represent new events, this prevalence may be considered as a rough approximation of the cumulative incidence over the four year interval. Significantly greater prevalences of all new complaints reported in table 4 were found in the age groups 20-9, 30-9, and 40-9 in heavy physical work compared with the control group. For the oldest age group (50-9) significant differences were absent. With the exception of complaints of the neck, an increasing trend in prevalence was found with age up to the age group 40-9 in heavy physical work. An already high prevalence of new back complaints of 18% was found in the youngest age group in heavy physical work relative to the other age groups. For all complaints in this type of work, prevalences remained at a stable level or declined slightly between the two oldest age groups. This decrease was not found in the group with mental work.
Discussion
In the present study, changes in musculoskeletal complaints over about four years among employees in several age groups were examined relative to types of work. For most of the complaints exposure to heavy physically demanding work affected the rate of change of these complaints in the age group 40-9 years. A similar effect for fewer complaints was also present in the two youngest groups, 20-9 and 30-9.
SUBJECTS
Generally, a selection effect is found in studies of health complaints among older employees, often ascribed to the high number of health related drop outs in this age group.4 13 Health related selection already affects the composition of an elderly study population at the start of a follow up study. This phenomenon might be a plausible explanation for the flattening or decreasing prevalences of musculoskeletal complaints at the first survey in the oldest age group within heavy physical work. Also, the employees in our study were an additional study has been performed on a died. Changing occupation, becoming too specific selected population from the data set disabled to work, and mortality occurred most On the basis of these findings it is conceivable that participation in only one survey could be related to health complaints, increasing the risk of drop out by disablement or a change to a less strenuous job during the follow up interval. Inevitably, this health related selection of employees has biased the results of our study to some extent, especially within the older age groups. Furthermore, it is possible that the health differences between the exposed and control groups were partially influenced by differences in (non-occupational) socioeconomic factors between the groups. It can be hypothesised that the greater frequency of musculoskeletal complaints in the lower socioeconomic group are partly the result of differences between social groups in, for example, obesity, material living conditions, and psychosocial stress.1 Moreover, it should be born in mind that reported health complaints of employees partly depend on the interaction between existing health problems and current working conditions.' Demanding work factors may exacerbate the subjective complaints of a specific musculoskeletal disorder. For example, a construction worker with a knee injury will probably more readily complain about this injury than a person in a sedentary job experiencing the same injury. Within our study this interaction effect may have resulted in some reporting bias.
AGE GROUP DIFFERENCES
In several longitudinal studies focusing on employees in physically demanding jobs, increasing prevalences of musculoskeletal complaints over several years have been reported.6 17 18 None of these studies, however, stratified for age.
Among those employees aged 40-9, exposure to heavy physical work increased prevalences over the follow up interval of a wide range of musculoskeletal complaints, causing the highest prevalences at the second survey of new complaints of the back, neck, and the upper and lower limbs within the cohort free of complaints at the first survey. Perhaps in employees in this age group the many years of exposure to harmful physical work demands combined with the changed balance between physical workload and physical work capacity might result in a high risk of work related musculoskeletal disorders. Also, it is probable that employees of this particular age were exposed to extreme physical work demands at the beginning of their careers. '9 In the category of heavy physically demanding work, employees were exposed to tasks such as lifting heavy objects, manually handling heavy tools, stooping, etc. Positive associations between these work related tasks and musculoskeletal complaints have been reported earlier.20 Also, in the age group 20-9, exposure to physical work demands was found to increase the prevalences of several musculoskeletal complaints. Among these younger employees a relatively large increase of back complaints was found. Comparatively high frequencies of first lumbar complaints among younger employees have also been reported by others. ' 21-23 So, although for younger employees the cumulative effects of the number of years of exposure to heavy physical work demands are relatively low and physical work capacity is normally at its highest,'0 exposure to heavy physical work demands is already a risk factor for the onset of musculoskeletal complaints. It is possible that a lack of experience in, for example, the skilled manipulation of heavy weights, contributes to the susceptibility of younger employees to musculoskeletal disorders. ' 24 Over four years the oldest employees in heavy physically demanding occupations, as opposed to those with mental work, had a significantly greater increase in prevalence of complaints of only the neck and upper arm.
For all complaints investigated, the prevalence in the oldest employees at the second survey in the cohort free of complaints at the first survey was found to be lower than that within the group for employees aged 40-9 years. The most dramatic drop between these prevalences from the 40-9 year old age group and the oldest age group was for back complaints. These findings can be attributed to the health related selection effect already mentioned, which led to an underestimation of occupational health risks in cross sectional and longitudinal epidemiological studies.5 25 Especially within the oldest age groups in heavy physically demanding work, the drop out rate as a result of disablement caused by musculoskeletal complaints is high. 26 Tuomi et al,16 reported a sharp increase in the incidence of work disability around the age of 55 years in their study. Referring to the national disablement statistics of 1994 in The Netherlands this rapid rise was already becoming obvious around the age of 50 years.27 Thus, the elderly subjects in our study who managed to participate twice in a survey, while still working in a heavy physically demanding job and free of complaints at the first survey, may be regarded as a relatively healthy group of survivors. The presence of a low cumulative incidence of musculoskeletal complaints in this group may, therefore, not be surprising. According to this line of reasoning, our findings suggest that back complaints were a predominant cause of health related drop out of older employees. This suggestion is supported by disorder specific disablement figures from The Netherlands, covering several years of our study period.28
Conclusions
The data of this study show that especially among employees aged 40-9 exposure to heavy physical demands in the work situation is associated with the development of a wide range of musculoskeletal complaints. However, also in the younger age groups several effects of exposure to heavy physical work demands were found. Furthermore, it seems that a health related selection during the working life results in a relatively healthy group of employees within the oldest age group of heavy physically demanding occupations. These findings emphasise that policy measures directed to the survivor group of elderly employees above 50 years of age only, does not seem to be adequate and effective in the long term. Preventive measures should be taken at all stages of a working life, taking into account the changing balance between the physical workload and the individual physical work capacity with advancing age.
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Appendix
The epidemiological effect measure (Y), representing the change in prevalence (PR) between the first (T1) and second (T2) surveys in the exposed group (e) minus the change in the control group (r), as used within this study, can be described by: Y = (PRT2-PRT),-(PR2-PRT)r 
